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SEMICONDUCTOR INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor 
integrated circuit for data processing in synchronization with 
a clock signal. 

2. Description of the Related Art 

With the realization of large-sized semiconductor 
integrated circuits, functional blocks (hard macros) already 
developed are reused as circuit patterns for labor savings of 
designing the semiconductor integrated circuits. 
Particularly, system vendors in the fields of consumer products , 
information, and communications provide a common interface 
specification standard for allowing the use of not only the 
hard macros self -designed but also the hard macros designed 
by other venders. The hard macros following the standard are 
called IP (Intellectual Property) or VC (Virtual Component) 
for registration. The IP or VC is utilized to allow the 
realization of combined hard macros supplied from various 
venders in the development of system LSIs. As examples of the 
hard macro, digital signal processors, A/D converters, and 
various memories are named. 

Patent Document 1 ( JP-A-2000-113025) describes the 
configuration and fabrication method of such the hard macro. 



1 



F-02ED0066 

In the hard macro, its data input end is connected to 
a data input end of a flip flop (hereafter, it is called FF) 
on the input side and a data output end of an FF on the output 
side is connected to an output end of the hard macro through 
delay cells. Then, delay time of the delay cells is set so 
as to match data timing given to the FF on the input side from 
the data input end and data timing outputted to the data output 
end from the FF on the output side with timing of clock signals . 
Accordingly, the results of the hard macro are sequentially 
given to the subsequent hard macros in synchronization with 
the clock signals for assured processing. 

SUMMARY OF THE INVENTION 

However, the traditional semiconductor integrated 
circuit has problems below. 

Since the clock signals in the hard macro are given to 
each of the FFs in phase, the maximum processing time allowed 
for internal circuits is fixed to a value that the setup time 
of the FF is subtracted from one cycle of a clock signal. On 
this account, in the case where delay in data paths between 
the hard macro and the external FFs is large, timing conditions 
cannot be satisfied, the cycle of the clock signal needs to 
be extended, and the processing speed is likely to be reduced. 
In addition, in the case where the processing time of a part 
of the internal circuits is long even though the processing 



2 



F-02ED0066 



tlme of most of the interna! circuits is short, the cycle of 
the dock signal needs to be matched with the processing time 
of the internal circuit having a long processing time. Thus, 
it is difficult to shorten the processing time. 

in a semiconductor integrated circuit including: a hard 
«ro having a plurality of combinational circuits for 
performing predetermined logic processing and a plurality of 
flip flops for performing data transfer, the hard macro being 
registered as a circuit pattern beforehand; an input flip flop 
for taking input data in synchronization with a clock signal; 
anoutputflipflopforoutputtingoutputdatainsynchronization 

with the clock signal; a first data path for giving the input 
data taken in the input flip flop to the hard macro; and a second 
aata path for giving data cutputted from the hard macro to the 
output flip fl°P. the had macro is configured as below. 

More specifically, the hard macro has a first flip flop 
for holding data given from the first data path at t iming delayed 
from the clock signal, a second flip flop for performing data 
transfer between the plurality of the combinational circuits 
in synchronization with the clock signal, and a third flip flop 
for holding data outputted to the second data path at timing 
advanced from the clock signal for output. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The teachings of the invention can be readily understood 
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by considering the following detailed description in 
conjunction with the accompanying drawings, in which: 

Figs . 1A and IB are explanatory drawings of a semiconductor 
integrated circuit illustrating a first embodiment according 
to the invention; 

Fig. 2 is a schematic block diagram of a semiconductor 
integrated circuit illustrating a second embodiment according 
to the invention; 

Fig. 3 is a schematic block diagram of a semiconductor 
integrated circuit illustrating a third embodiment according 
to the invention; and 

Fig. 4 is a schematic block diagram of a semiconductor 
integrated circuit illustrating a fourth embodiment according 
to the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
First Embodiment 

Figs . 1A and IB are explanatory drawings of a semiconductor 
integrated circuit illustrating a first embodiment according 
to the invention. Fig. 1A is a schematic block diagram, and 
Fig. IB is an operation timing chart. 

As shown in Fig. 1A, the semiconductor integrated circuit 
has a hard macro 10A, an FF group 1 and a combinational circuit 
2 for forming a data path, both disposed on the input side of 
the hard macro 10A, and a combinational circuit 3 for forming 
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a data path and an FF group 4, both disposed on the output side 
of the hard macro 10A. 

The hard macro 10A has a plurality of combinational 
circuits 11 to 17 for forming data paths, FF groups 12 to 16 
for connecting the combinational circuits 11 to 17 in between, 
and nodes 18a, 18b and 18c. The FF group 12 is connected to 
the node 18a through a clock wiring line 19a, the FF group 14 
is connected to the node 18b through a clock wiring line 19b, 
and the FF group 16 is connected to the node 18c through a clock 
wiring line 19c. 

The input side of the top combinational circuit 11 in 
the hard macro 10A is connected to the output side of the 
combinational circuit 2, and the output side of the last 
combinational circuit 17 at the backend is connected to the 
input side of a combinational circuit 3. 

In addition, clock wiring lines 6a and 6c for feeding 
clock signals CK1 and CK3 from clock terminals 5a and 5c, 
respectively, are disposed for the nodes 18a and 18c in the 
hard macro 10A. Furthermore, for the FF groups 1 and 4 and 
the node 18b in the hard macro 10A, a clock wiring line 6b for 
feeding a clock signal CK2 from a clock terminal 5b in the same 
phase is disposed. 

Next, the operation of the semiconductor integrated 
circuit shown in Fig. 1A will be described with reference to 
Fig. IB. 
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As shown in Fig. IB, the clock signal CK1 slightly delayed 
from the clock signal CK2 given to the clock terminal 5b is 
given to the clock terminal 5a. In the meantime, the clock 
signal CK3 slightly advanced from the clock signal CK2 is given 
to the clock terminal 5c. 

In the FF group 1, data Dl outputted in synchronization 
with the rise of the clock signal CK2 reaches the input side 
of the FF group 12 as data Dll after processing (delay) time 
elapsed in the combinational circuits 2 and 11 . In the FF group 
12, the data Dll reached on the input side is held in 
synchronization with the rise of the clock signal CK1, and 
outputted as data D12 . Therefore, the maximum allowable delay 
time between the FF group 1 and the FF group 12 is T + td - 
ts, where the cycle of the clock signal CK2 is T, the delay 
time of the clock signal CK1 is dl, and the setup time of the 
FF group 12 is ts. 

Similarly, in the FF group 16, data D16 outputted in 
synchronization with the rise of the clock signal CK3 reaches 
the input side of the FF group 4 as data D3 after processing 
(delay) time elapsed in the combinational circuits 17 and 3. 
In the FF group 4, the data D3 reached on the input side is 
taken in synchronization with the rise of the clock signal CK2 . 
Therefore, the maximum allowable delay time between the FF group 
16 and the FF group 4 is T + tl - ts, where the cycle of the 
clock signal CK2 is T, the lead time of the clock signal CK3 
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is tl, and the setup time of the FF group 4 is ts. 

As described above, the semiconductor integrated circuit 
of the first embodiment has the clock terminals 5a to 5c for 
feeding the different clock signals CK1 to CK3 to the FF groups 
12 to 16 in the hard macro 10A, and the clock wiring lines 6a 
to 6c corresponding to the clock terminals 5a to 5c . Therefore, 
the clock signals fed to the FF groups 12 and 4 to take the 
data Dll and D3 can be delayed more than those fed to the FF 
groups 1 and 16 to output the data Dl and D16. Accordingly, 
there are advantages that the time allowed for data transfer 
can be prolonged, timing conditions are satisfied even in the 
same clock frequencies, and processing time can be shortened. 

Second Embodiment 

Fig. 2 is a schematic block diagram illustrating a 
semiconductor integrated circuit of a second embodiment 
according to the invention. The same components as those shown 
in Fig. 1 are designated the same numerals and signs. 

The semiconductor integrated circuit has a hard macro 
10B, an FF group 1 and a combinational circuit 2, both disposed 
on the input side of the hard macro 10B, and a combinational 
circuit 3 and an FF group 4, both disposed on the output side 
of the hard macro 10B. 

The hard macro 10B has a plurality of combinational 
circuits 11 to 17, FF groups 12 to 16 for connecting the 
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combinational circuits 11 to 17 in between, a node 18 fed with 
clock signal CLK, and a clock wiring line 19 for feeding clock 
signals to the FF groups 12 to 16 from the node 18. A clock 
signal CLK delayed by delay devices 21 and 22 for forming a 
unit for adjusting timing from the clock wiring line 19 is given 
to the FF groups 12 and 14 as clock signals CK1 and CK2 . In 
addition, the clock signal CLK on the clock wiring line 19 is 
given to the FF group 16 as a clock signal CK3 . 

In the meant ime , the clock signal CLK from a clock terminal 
5 is fed to the FF groups 1 and 4 through delay devices 7a and 
7b as the clock signal CK2 in phase with that fed to the FF 
group 14. Furthermore, the delay devices 22, 7a and 7b are 
that even numbered inverters are cascade -connected, for example . 
The delay amounts of the delay devices 22, 7a and 7b are set 
similarly, and the delay amount of a delay device 21 is set 
greater than those. 

The operation of the semiconductor integrated circuit 
is the same as the operation of the semiconductor integrated 
circuit shown in Fig. 1, except that the clock signals CK1 and 
CK2 in the hard macro 10B are generated by the delay devices 
21 and 22 . 

As described above , the semiconductor integrated circuit 
of the second embodiment has the delay devices 21 and 22 for 
generating the different clock signals CK1 to CK3 in the hard 
macro 10B. Accordingly, the semiconductor integrated circuit 
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can generate the proper clock signals CK1 to CK3 in the hard 
macro 10B in accordance with the function of the hard macro 
10B, having an advantage to allow a highly accurate operation, 
in addition to the advantage of the first embodiment. 

Third Embodiment 

Fig. 3 is a schematic block diagram of a semiconductor 
integrated circuit illustrating a third embodiment according 
to the invention. The same components as those in Fig. 1 are 
designated the same numerals and signs. 

The semiconductor integrated circuit has a hard macro 
IOC having a slightly different function instead of the hard 
macro 10A. More specifically, three kinds of clock signals 
CK1 to CK3 are fed to FF groups 12C and 16C in the hard macro 
IOC from nodes 18a to 18c through clock wiring lines 19a to 
19c, and proper clock signals in the clock signals CK1 to CK3 
are separately given. The other configurations are the same 
as those shown in Fig. 1. 

The operation of the semiconductor integrated circuit 
is basically the same as the operation of the semiconductor 
integrated circuit shown in Fig. 1. However, since the proper 
clock signals among the clock signals CK1 to CK3 are fed to 
each FF in the FF groups 12c and 16C, the operation is performed 
at the best timing in accordance with the delay time of the 
signal . 



9 



F-02ED0066 



As described above, the semiconductor integrated circuit 
of the third embodiment gives a plurality of the clock signals 
CK1 to CK3 having different timing to the FF groups 12C and 
16C in the hard macro IOC, and feeds the clock signals having 
proper timing to each FF in the FF groups 12B and 16B. 
Accordingly, the semiconductor integrated circuit has an 
advantage that the clock signals having proper timing are given 
to each FF in the hard macro IOC and high-speed processing can 
be performed further highly accurately, in addition to the 
advantage of the first embodiment. 

Fourth Embodiment 

Fig. 4 is a schematic block diagram of a semiconductor 
integrated circuit illustrating a fourth embodiment according 
to the invention, in which timing of clock signals fed to a 
synchronous RAM (Random Access Memory) incorporated therein 
is controlled to intend that limited processing (delay) time 
is relaxed and processing time is shortened. 

The semiconductor integrated circuit has FFs 31 and 35, 
combinational circuits (LOGIC) 32 and 34, a synchronous RAM 
33, a clock terminal 36, delay devices 3 7a, 3 7b and 38, and 
a selector (SEL) 39 for forming a timing supplying unit. In 
addition, the delay times of the delay devices 37a and 37b are 
set nearly equal, and the delay time of the delay device 3 8 
is set longer than them. 



10 



F-02ED0066 



The FF 31 is that holds input data in synchronization 
with a clock signal CK2 . A clock signal CLK given to the clock 
terminal 36 is delayed by the delay device 37a and fed the clock 
signal CK2 . The combinational circuit 32 is connected to an 
output side of the FF 31, and an output side of the combinational 
circuit 32 is connected to an input terminal DI of the RAM 33. 

The RAM 33 is that reads and writes data in synchronization 
with clock signals given to a clock terminal C. An address 
signal AD for an object to be accessed is given to an address 
terminal A, and a write control signal WE and a read control 
signal RE are given to control terminals W and R. The 
combinational circuit 34 is connected to an output terminal 
DO of the RAM 33, and the FF 35 is connected to an output side 
of the combinational circuit 34. 

The FF 35 is that holds output data from the combinational 
circuit 34 in synchronization with the clock signal CK2 . The 
clock signal CLK given to the clock terminal 36 is delayed by 
the delay device 37b, and fed as the clock signal CK2 . 

Furthermore, the clock signal CLK given to the clock 
terminal 36 is delayed by the delay device 38, and fed to a 
first input side of the selector 39 as clock signal CK1 . It 
is also given to a second input side of the selector 39 as the 
clock signal CK3 as it is. In the selector 39, the second input 
side is selected when the read control signal RE is high (enable) , 
and the first input side is selected when the signal is low 
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(disable) . An output side of the selector 39 is connected to 
the clock terminal C of the RAM 33. 

Next, the operation will be described. 

When data is written into the RAM 33, the read control 
signal RE is turned low, the selector 39 selects and gives the 
clock signal CK1 to the clock terminal C of the RAM 33. On 
the other hand, input data held by the FF 31 is given to the 
input side of the combinational circuit 32 in synchronization 
with the clock signal CK2 . Since the clock signal CK1 has a 
delay amount greater than that of the clock signal CK2, delay 
(processing) time allowed for the combinational circuit 32 is 
longer than the cycle of the clock signal CLK. 

When data is read out of the RAM 33, the read control 
signal RE is turned high, the selector 3 9 selects and gives 
the clock signal CK3 to the clock terminal C of the RAM 33. 
On the other hand, the clock signal CK2 is given to the FF 35 
on the output side of the combinational circuit 34. Since the 
clock signal CK2 has a delay amount greater than that of the 
clock signal CK3 , delay (processing) time allowed for the 
combinational circuit 34 is longer than the cycle of the clock 
signal CLK. 

As described above , the semiconductor integrated circuit 
of the fourth embodiment uses the clock signal CK1 having delay 
longer than that of the clock signal CK2 fed to the FFs 31 and 
35 when data is written in the RAM 33. In addition, the 
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semiconductor integrated circuit uses the clock signal CK3 
having delay shorter than that of the clock signal CK2 fed to 
theFPs 31 and 3 5 when data is readout of the RAM 33 . Accordingly, 
the delay (processing) time allowed for the combinational 
circuit 32 and 34 is longer, and a reliable operation is feasible . 
Furthermore, the clock speed is increased, and the operating 
speed can be improved. 

Moreover, the invention is not limited to the embodiments, 
which can be modified variously. As the modified example, the 
following are named. 

(a) Three types of the clock signals CK1 to CK3 are used 
to adjust timing, but it is acceptable that a plurality of clock 
signals having different delay time is used. 

(b) The numbers of the combinational circuits and the 
FF groups are not defined. They can be set freely in accordance 
with the function andscaleof a semiconductor integratedcircuit 
applied. 

As described above, according to a first aspect of 
invention, the hard macro has the first FF for holding data 
given from the first data path at timing delayed from the clock 
signals, and the third FF for holding data to be outputted at 
timing advanced from the clock signals. Accordingly, limits 
on the delay time of data paths on the input and output sides 
are relaxed, and the processing time can be shortened. 

According to a second aspect of the invention, the 
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semiconductor integrated circuit has the delay devices for 
generating the clock signals for the input and output FFs, and 
the adjusting unit for adjusting the timing of the clock signals 
to be fed to each of the first to third FF groups in the hard 
macro, Accordingly, the timing of the clock signals does not 
need to be adjusted outside, and the hard macro can be operated 
at proper timing. 

According to a third aspect of the invention, the 
semiconductor integrated circuit has the clock terminals and 
the clock wiring lines for inputting the clock signals from 
outside, the clock signals are given to the first to third FF 
groups in the hard macro. Accordingly, the clock signals can 
be given at any given timing, and the optimum time control can 
be totally performed. 

According to a fourth aspect of the invention, the 
semiconductor integrated circuit has the timing supplying unit 
for giving a timing signal at timing delayed from the clock 
signal when data is written in the storage part and a timing 
signal at timing advanced from the clock signal when data is 
read out of the storage part . Accordingly, a limit on the delay 
time of the first data path is relaxed by the delay time of 
the timing signal when written, and a limit on the delay time 
of the second data path is relaxed by the lead time of the timing 
signal when read out. 
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